Oligomerization and trafficking of the human dopamine transporter. Mutational analysis identifies critical domains important for the functional expression of the transporter.
The dopamine transporter (DAT) is a presynaptic plasma membrane protein responsible for the termination of dopaminergic neurotransmission in the central nervous system. While most studies have focused on structure/function analysis, much less information is available regarding the assembly and the trafficking of this protein. To address this problem, we performed a mutational analysis of the DAT protein, combined with biochemical, immunological, and functional approaches. In mammalian cells co-expressing differentially tagged DAT molecules, HA-tagged DAT co-purified with 6His-tagged DAT demonstrating a physical interaction between transporter proteins. Evidence for the functional oligomerization of DAT was obtained using dominant-negative mutants of DAT. Two loss-of-function mutant transporters (Y335A and D79G) that were targeted to the cell surface inhibited wild-type DAT uptake activity without affecting the membrane targeting of the wild-type transporter. Moreover, non-functional amino and carboxyl termini-truncated mutants of DAT inhibited wild-type DAT function by interfering with the normal processing of the wild-type transporter to the cell membrane. Mutations in the leucine repeat of the second transmembrane domain of the transporter could eliminate the dominant-negative effect of all these mutants. In addition, a small fragment comprising the first two transmembrane domains of DAT inhibited wild-type transporter function but not when the leucine repeat motif was mutated. Taken together, our results suggest that the assembly of DAT monomers plays a critical role in the expression and function of the transporter.